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Test Outline for "Passport Visa®
For the pasémseveral years, the Wave Propagation Section of the Aerial Reconnais~
sance laboratory, WADC, has been developiﬁg a radar absorber materiel suitable for
structural application to aireraft. This work has been carried on under Project 6268,
Task 40542, "Radar Camouflage Study.® | |
Laboratory moasuroments have established the characteristics of the absorber when

formed in simple shapes of fnirly small dimensions. Howaver. size limitations prevent

the determineation of the -ffect of the absorber on large cOmplex shapes sueh as aircraft.
A% the moment, the onlylbay $o perform such an evaluation is through the use of a flying
test bed and appropriltp radar equipment to determine the degree of absorption under
dynamic conditions. Imimueh ae the material arrived at a stage of development where
sueh a test would be exfrgm?ly beneficinl; ARDC was requested to assign an aireraft for
this purpose. Acco:diné%y, & T-33 aircraft was assigned and the effort given the nigk-
" pame “Passport Visa." ?hq‘purpose of this paper is toAgive'a genersl outlins of the
types of testing to whicﬁﬁthp ajroraft will be subjected and the goal in each type.
laboratory tests haveﬁshown that the absorber reflects less then 5% of the incident
energy (compared to 100%]{9; metal) over the frequeney range 2500 to 13000 me inclusive.
It is very insensitive to aﬁglo of incidence of the energy. It is desired to perfann'

the dynamic tests at as meny frequencies as reasonably poesible ovér the operating range -

et o

of the material.

pre—

i

The T-33 aircraft is ﬁq,bp sompletely covered with the absorbér with the exception
of part of the canopy gpd tﬁe engjne intake and exhaust duats. Thua. tests ean be per-
formed at all aspecté df the aireraft. The actual installation of;the absorber on the
aircraft iz estimated fo‘bé“ebmplatod by‘lpproximatsly 1 January 1258. The radar
refleetivity testing will begin a3 soon tharutter as possible. A

Many pbrtions of thc T-33 will be covored with the material in such & way that the

absorber can be removed and replaced by other material. This is done so that any im-
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provements in the sbsorber yielded by a simultaneous deveiopment effort san also bse
evaluated dynemically. It is anticipated that this dynamic test program will continue
for 1 1/2 to0 2 yearé after completion of the initial installation.

In erder to simplify the measursments and to requirse minimum modification to exist-
ing equipmentas, it 1s proposed that the reflactivity data bé taken on a;relative basis
rather than an absolute basis. That is to say, the reflection from the;ahaorber-coated

;-

T-33 will always be compared to that from en unceated T-33 whieh will bp flown either

L3

simultaneously with, or within a short period of the seated aireraft. This will elimi-
nate the need for absolute calibration of the radar equipment and its agsociatod
probl#ms. | '

The reflectivity tests will be designed to provide one or more of fho foliowing
types ef infermation: ‘

&. Rolativo,dqtection range for the two alreraft as a function of aspeet
angle. |

b. Relative echo signal intensity as a funstlion of aspect angle.

s. Degradation of defensive system performance due to use of the absorber.

d. %elative‘éfrecti;eneas of improved absorber materials.

e. Effect of partial ccating on reflectivity.

Te date, several ageneies have been contacted regarding the availability ef radar
gear in the proper frequenscy range for making these measurements, and the types ot
measurements whieh can be performed. Theqe ageneies are WADC, RADC and the 58th. lir
Divisicn (Lir Dafenje Command groupAstationod at W-PAFB). 4 summary of the types ef

equipment turned up by the survey thus far follows (see Appendix 1 fer pertiment charac-

teristies):
!Apg
APS-20 *S* bapd searsh radar
MSQ-1 *S* band tracking radar 'é
APS-4lA "C* and "X" band search radar iy
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2 57wcm-5116,
CELRET



Approved For Release 2001/0§gC.BIEIDP33-02415A000100430033-6 .

WADC (eontinued)

FP3-16 *X* band preeision approach radar
FPS-b *S* band height finder radar
APG-37 *X* band airborne fire coantrel radar ~
B¢ )

TPS-16 *S* band airport surveillance radar
SCR-584 *S* band t;mkmg radar

MSQ-1A *S* band trasking radar

MPS-4 “C* bamd helght fiader radar
TFS;IOD K ﬁand height findexr rader

- MPS-14 - *S* band height finder radar

58th. Air Divisjom '

FP3~10 *S* band searseh radar

FPS-b *S* bamd height finder radar

VSovoral typee of airborme fire ecntrel radar.

Virtually all ef the abeve radars sduld be used to supply informatior on relative
deteetion rﬁnga without any medifisation having to bé.performed. Sinee the aireraft
48 to be based at WADC and bas a limited flying range, it would be advantagéous to eon~-
duet these tests on the gear at or near W-FPAFB.

Nens of'thoae radars is surrently imstrumemted to reesrd the esho signal intensity.
Sueh reeording would require some modifisation in eny case in ord;r to provide a wide
dynamie rangs 'in the reseiving equipment. The treevking radars de, have a; AGC voltage
whieh 1s propertional to the esho emplitude, and would require 2 %inimum of modifiea-
tion to record it. This AGC veltage, however, iz slew-aeting and;‘while it would yleld
fhc average sshe level &3 2 funetion of time, would not permit the resording of any

rapid fluetuatiom in eeho from the airsraft. Sueh data would provide the rélative levels

of the averags eeho intensity from the two aireraft, if properly galibrated, and is
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thororof. desirable. Unrortungtoly. onl§ *S* band information ¢ould be supplied im this
~ manner sinse ne higher frequemsy tracking radars were feund in the survey. To get this
type of data from any of the higher frequensy gear, fairly elaborate modifieations
would have to be perfermed to previde the dymamic ramge necessary. Personnsl et WADCJ
asseeiated with *Passpert Visa® have made sueh modificafioas to radar systems in the
past te perform abselute dymamic measuremsnis. Psrsomnel at the other agenseies cen-
taeted imdieated that sueh medifieatioms would be mede only if directedAby;highor headm...
guarters ald provided with considerable essistamce by WADC persemnsl experieneed in sush
matters. It is again tharfero.dosireablo to perform sueh tests at W-FAFB.

The proeedurs for determimimg the relative detection range fer the two aireraft

is shewn in Fig. 1 and 2. Fig. 1 shows the flight p#ths of the two airecraft for nose

and tail data, The aireraft would be pesitioned in epace se as te fly threugh the
marginal deteetion ramge of the radar while slteranately presenting the nose amd tail
aspest te the radar. The absorber-coated aireraft would be flewn et epproximately
half the range of the standeard airerart;,thia being the assumed range of marginal
deteetion. This is dons in order te sonserve fuel since the eoated aireraft eanm oaly
fly fer approximately one hour, Due te the wide variation in datection range fer the
various redars whieh will be used in these tests, mo fired velues of ramge ean be
givea for the two aircraft. Rather it appears adviseble to fly the uncoated T-33 eut
te determime itz deteetion ramge and t hem adjust the ecated T-33 flight path se as te
inelude its prebable deteetion range. Im ths event that the range fer the cocated
T-33 weuld be so short that, when flying at the same altitude as the atandard, it
would present a very different aspect te the radar, {t= altitude would be redused te
get the same aspect (see Fig. 3).

Esseatially the same type of plam would be used to secure breadside data (see
Fig. 2). The flight plam shown will grldullli move the aireraft in range while per-/

mitting it to be broadside tp the measuring radar most of the time. Thus, the range

at whieh marginal detection takes place ¢an again be determined.
Approved For Release 2001/08/29 : CIA-RDP33-02415A000100430033-6
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In practieally all ceses, the rader antenma will be scamned horizentally to avoid
the mesessity of thc‘pilcth’hnving te fly within the beam limits ef a fixed antenns.

It weuld be desirable to sester sean the area in which the aireraft will be lecated,
but meshanical limitations ef some of the larger antennss will necessitate seanning
360 degrees. Thise is nét felt to be too serieus a preoblem.

The preblem of aiming the antnnnaé in the vertieal plane variesz with the type of
radar used. The simplest case is that ef a standard search or surveillamce radar yhich
has a fen-shaped betm in the vertical plene. OCbvieusly, no aiming is required in this
sase. The next simplest is the helght finder which neda vartically, thus effeetively
seanning the range ef elevation angln; of interest. A rader sueh as the APS-4ik, |

.whioh has a peneil beam antenma but is made to sean enly horizontally, presemts the
mest dAiffisult problom{ In this case, the aireraft’'s altitude and range (either greumd
or slant range) will be used to compute the elevaticm angle te whieh the antenna must

be manually set. (See Fig. 4 amd 5). At the lenger ranges, the aireraft will stay

AN

within the beam for a fairly great diaéanco (ase Fig. 6) but eerreetion of elsvatioa
‘amgle will still be made te eptimize the eperating eondition,

A shert study was made to determine the effect-or detecting wither ef the air-
.eraft oa the sides eof the rader's antenna beam imrstead of on the axis. Several beam
shapes were afudicd. if @ppears that, in all cases, serious erreaseus deductioas ceuld
be drawn fruﬁ the resultant data en relative detectiom rangs. F;r example, cemsider
a peneil beam fixed at seme elevation anglo'and the tﬁo aircraft ?standa?d and modified
T=33 to be ealled T-33 and MI'=33 respestively hemgeferth in this ;aper) flying teward
| the radar at the same somstant altitude. Assume the T-33 is dete%fod as if passes
threugh the exis of the beam (see Fig. 7). The MT-33, with ite lewer refleetiom, will
‘have te be cleser te the radar befers it ean be detected. Hewsver, in ceatimuing at
the same aititudo. it is gradually beimg 1llumimated with less rn@ar sisgal due tc the
antenna beam's shaps. It turas out in mest eases that the rlllofﬂ in illumination is

faster tham the rise in eshe due to the decrsase im rangs,thus the aireraft will
Approved For Release 2001/08/29 : CIA-RDP33-02415A000100430033-6
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Asver be seen by the rsdar. This eould lead te the sonelusion that the ajreraft was
truly *rader iavisible.® Om the other hand, assume that the antenna was raised to some
elevation angle sueh that the T-33 wae detected by the side eof the beam at a eertain
range. The MI-33 will centinue te fly imte the be;nhthorhby being illuminated by an
inereasingly larger siguni while at the same time desreasing in rangs. This situation
woeuld gause the range ratio to be less than the 2:1 expested and ceuld lead te the coa-
e¢lusion that the abserber was poer. 4 plet of the relative range versus the angle
between the aireraft's flight path and the axis of the radar beam is shewn im Fig. 8.
For simplieity ef calesulatiom it was @ssumed that the MI'-33 was detected as it passed
threugh the exis of the beam each time. While these figures are based en the peneil
beam ease, the same sert of fhing would eceur for other sheped beams. The senclusion
‘frem this study is that the elevation angle of the beam must be varied se that detee-
tioa takes place when the aireraft is en the nose of the beam.

This measurement tnchniquo dees net lemd itself well te taking date fer aspects

ether than mese, tail amd breadside. However, the relative simplicity and flexibility

of the teshnigue and the abllity te use ummodified radars make it very attractive, It
is antieipated that this teshaique will not only be used when making tests with seme
WADC radars but alse with these of Air Defense Cemmand and other eperational greups,

In addition to the tests against the greumd radars, it is plamned te run relative
detection rangs teats against standard AI amd fire centrel radars. In these tests a
fighter aireraft will be veetored toward the stamdard and modified T-33 aircraft ia
au;h i way &s to appreash frem various angles. The relative detsction range would be
reperted by the pilet. It is understeod that iam sueh toats nose-on appreaches are |
'oxtrcuoly dangercus and hemce weuld net be attempted. The adventage of this typé ol
testiag over the groudd radar tests is that seme of the aspects abeve the herizeamtal
Plane of the aireraft san be sheeked. 4 disadvantage lies in the factvthit the pilet
has many things te do besides watehing the radar, whieh could cause wider variatiens
in the readings ef deteetion range. Ordinarily this type ef test is perfermed on a
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statistical basis whieh requires a fairly large number of flights. The T-338 umnder test
weuld fly a straight and level course while the aireraft carrying the measuring radar
makes a aumber of passes at each of the variocus angles of appreash.

The precedure for determiaimg the relative eche sigral intensity as a furetion of
sspeet angle is showa ia Fige 9. Beth aireraft seuld be made to fly sleverleaf patteras
over a check point to eliminate the range sffect on echo. The rader antenna would be
aimed to put its beam over the check point at the aireraft's eltitude. The radar has
to be instrumented to reeord the amplitude of theecho signal as the two alreraft
alternats over the check point. By varying the direction of the passgs over the check
point & plot of relafiva echo signal versus aapect angle can be cbtained.

This technique is probably the best way to svaluate the material since it‘yields
quantitative data and does not depend on judgment as to whether 6r not a certain-sized
blip consfitutes deteation or not. As was mentioned previcusly, personnel of WCIRE=-5
could make the necessary modificatiocne to radars at WADC. It eppeers to be simpler
and feasible to provide a separate "receiver-rscorder® package which can be tied ig
to any radar system through a change in the-microwave "plumbing.” This technique will
be investigated as 3o0n as & nevw receiver. cu;rently on order, is received.; '

Thers are several possibilities for variations in the above technique. For in-
stance, it is oipected that a éracking radar will be used for some of these tests. This
radar would continuously track one or the other aircraft as it flew the various
patteras. The radar alrsady has an AGC system and it is felt that bringing this
voltage out to & recorder would be relatively simple. The fact that this AGC 1s rela-
tively slow-acting is n§t a great drawback since the average echo signal differential
is of prime 1mportahce in these tests.

Ancther phase of the relative echo signal inmtensity tests will involve the dynamic
air-to-air reflection measursments equiment developsd by Dalmo-Victor Corporatiocn
uader Contract AF33(600)-27570. This equipment 1s designed to record the echo area

of an aircraft as a fumction of aspect angle to a high degree of accuracy. An *"S*
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band rader's antemna is slaved to an "X" band trackiag redar which is locked on the
target under test. The echo area information is gathered by the *S* band gear. The
squipment is designed to measure aspect angles accurately and is expected to provide

& plot similer to that provided through statice techniques. Du;ing these flights, the
aireraft under test will fly a straight level courss while the measuring aircraft will
fly around it im various ways to take data as a function of aspect, It ;s expected that
data can be taken over 360.degrees of azimuth end X 20 degrses in elevation with respect
to the target ship. Passes can be mads at higher slevation engles but 360 degree
azimuth coverage is not expected under these conditions,

Teats to determinme the degradation in defenaive system performance could vary
 greatly depending upor the aystem umder test., For instance, it is proposed tﬁét
standard EH-GCIqAI mission® be run against both aircraft to determino the cumulative
effact of the absorber upon the infercapt probabiliﬁy. The 58th. Air ﬁiiision. Afr
Defense Command, has expressed willingness to perrorﬁ this type of sequential Qission.
These tests would be performsd both with and without simple evasive mansuvers on the
part of the MI-33. It has mot been determined whether or mot any defemsive missile
systems can bs adequatoly‘synthosized to yield performance degradetion date of this
type or even whether or not such tests should be imcludsd as part of this program.
| The relative effectivemess of improved sbsorber meterials will be tested by ree
placing the removable sectioms on the aircraft with the now‘mnterials and repeating the
relative echo intensity tests as outlined above. Naturally, any such.material would
be thoroughly tested in the ILaboratory before it would warrant any dynamic testing,

It has boon.suggestad by peraomnel from Hq. ARDC thet tests be run to determine
the effectiveness of partisl absorber coating on refloctivity. Unfortumately, the
MT-33 camnot be flowa with some of the panels removed., Howsver, partial coating can
be simulated by spraying selected sestioms of the absorber with a coat of strippabio
plastic Ald then with a goat of nmtallie s8ilver paiat. This te}hnique has proven very

natisfiotory in the Iaboratory tests, After such an application the rglativs echo

.
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iatensity tests would be rerun. It is felt that such tests can be performed more
eiaily, more qQuiekly and more cheaply througq statiec model tlchniq;as_which are co-mon-‘
1y used by WADC, but dynamic testing as outlined above ean b; run during the course of
the flight testing.

| It is expected that there yill be some modifieation to the\aboveiplana as the
tests progress. These tests are based upon the equipmeats and persomnel available at
this time and while' no ma jor ehamges in sither are anticipated, the possibility still
exists, | o

The tests with the Air Defense Command will require coordimation with their Head-

Quarters at Ent AFB. Peracmnsl of WCLRE~5 will contaet them in this regard in The
aear future., A priority higher than the current 1-B enjoyed by thia program would

undoubtedly kelp mot omly these tests but ell the others plamned under *Passport Visa,®
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Appendix A

Pertipent Characteristics of Radars Available

for "Passpport Visa" Tests

APS-20: search radar with penci) beam
PT = 750 kw

resceiver sensitivity = 4192 DB
frequensy = 2880 me
beamwidth: vertical, 8°; horizontal, 3.5°
antenna. ecans 360° at 6 rm l
ssctor scams emy 20° to 120° wide sector (variable)
MSQ~-l: tracking radar
Fp - 250 kw - 500 kw
receiver sensitivity = -106 DBM
frequency = 27002900 ma (tumable)
beamwidth: 3° both planes
tracks at 3 DB points om beanm
can give horizontel or vertical polarization
APS-4liiA: search radar‘with pencil beam
*X®* band portiom:
By = 500 kv
regeiver sensitivity = -100 DEM
frequency = 9375 me
beamwiéth: 1.8° both planes
scane 180° azimuth | N
sector scan any 30° wide section of basic 180° scan
manual set of tilt from 0° to +5° in elevation

o4a produse vertical or circular polarizetion

Abproved For Release 2901/08£%9 : CIA-RDP33-02415A000100430033-657'018_3116
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APS-ilk: seareh radar with pencil beam (contimued)
*C* bamd portios:

Fp = 1.0 megwatt

receiver semsitivity = -100 DBM
frequemcy = 5280 né
beamwidth: 2.8° both plames
ell other antenna charecteristics same as "X" banrd
FPS-16: precision approagh radar
Bp = 45 kw
receiver semsitivity = -88 DBM
frequeacy = 3080 me
has 2 aatenmas:
¢ ' ome seams fram -1° to +6° vertically with .5° wide peam inm elevation
and ese® beem ia azimuth ‘
the other scams *10° in azimuth with .5° wide beem in aziguth and
osc2 beam im elevatioa :
rate vof scan: 2 scans/antenna/aoﬁond i
ressiver alternates between antemnnas :
FES-6: height fimder with noadigg peavertail beam (same as MPES-1}4)
Fp = 5 negw;att
receiver semnsitivity = -104 DEM
frequenasy = 2700-2300 me
antenna gain: -T400
beamwidth: 3.2° azimuth; 0.95° elevation

* aptemna sweeps vertically from -2° to +32° at mod rate of 20 to 30 per miaute

controlled in aztmutt_x by seareh redar

4' 1
.‘ ‘)_*
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APG-37: airbornme fire comtrol radar (trecking)

Pp = 200 kw

receiver semsitivity = epprox. -95 DBM .
frequency = 8500~9250 me
beemwidth: 4° in -both planes .
conical scam at 75 cycles/sesond

TPS-16: airport sureeillemce radar
Pr = 450 kw
receiver sensitivity = <100 DBM
frequency = 2700-2;00 me
beamwidth: 1.6° im azimuth; csc® im vertiecal plame
antenna semms 360° azimuth at 6 rpm

SCR-5843 tracking radar (MSQ-1 is later varsion)
Fp = 300 kw

receiver sensitivity = -96 DEM
fregqueney = 2700-2900 me
beamwidth: 4° im both planes
MSQ~1A: see MSQ-l
MPSely: height fimder with nodding beavertall beam
Pp = 140 kw
receiver sensitivity = -100 DBM |
frequency = 6275-6575 me
antem? besemwidth: 4° azimuth; .,B° elevation

mods over amy 10° sector from -2° to +20° (seetor can be moved during flight)

gontrolled in azimath by search radar

Approved For Release 2001/08/29 : CIA-RDP33-02415A000100430033-6
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TFS-10D: height finder with nodding beavertail beam (same as MES-8 & FPS-,)

Pp = 250 kw

recelver sensitivity = -100 DEBM

Irequency = 9200 me

antenna besmwidth: 2° azimuth; .7° elevation

anterna nods from -2° to +23° at either 30 or 60 times/ mimute
MPS-1l4: sea FPS-b '
FP3-10: seareh radar (same as CPS-6B)

Fp = 1.0 megwatt
regeiver semnsitivity = approx. -90 DBM

r_requoncj = 2700-2900 ms

antenna beamwidth: 1° azimuth; covers from +2°o¢ +23° elevation

antenna seans at 1/6 rm

[
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